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U nstable angina is an acute coronary syndrome associated with substantial short-and medium-term morbidity and mortality.' The understanding of the pathogenesis of this syndrome has been based largely on postmortem studies of coronary arteries2 and supported by indirect evidence of coronary thrombosis in relation to the syndrome.3-5 Because directional coronary atherectomy is unique in extracting intact atheromatous tissue during coronary recanalization, it may facilitate the study of the processes taking place in the vessel in different coronary syndromes. In the present study the histopathologic characteristics of atherectomy samples retrieved in 93 patients with stable or unstable angina pectoris were compared and related to different clinical variables.
We studied 93 patients who underwent directional coronary atherectomy providing histologic material at the Thoraxcenter during the period from 1989 to 1992. After the coronary atherectomy protocol was approved by the Thoraxcenter Institutional Review Board, informed consent was obtained in all patients before intervention. Directional coronary atherectomy was per$ormed using the femoral approach. An average of 6 -t 3 passes in multiple directions were peeormed across the stenosis.
Clinical variables recorded included age, sex, previous myocardial infarction, current stable or unstable angina pectoris, previous coronary intervention and risk factors for coronary artery disease (history of hypercholesterolemia, non-insulin-dependent diabetes mellitus, cigarette smoking, hypertension and coronary artery disease in the family). Primary unstable angina was deftned as continuous or intermittent chest pain at rest requiring hospitalization, associated with electrocardiographic evidence of myocardial ischemia but without associated increase in cardiac enzymes. The time inter-val between the onset of chest pain and the atherectomy procedure was 7 + 5 days.
The obtained specimens were fixed in 10% formalin. Routine processing for light microscopy and hematoxylin-azophloxin and Verhoeff-van Giesson staining was pe$ormed. All specimens were reviewed by 2 independent observers who were unaware of the clinical data. The recommendations in the American Heart Association MedicallScientific Statement on the definition of the intima of human arteries and of its atherosclerosis-prone region& were followed in collecting information regarding intimal constituents. Medial tissue was identified on the basis of parallel arrangement of smooth muscle cells, embedded in collagen and frequently associated with a fragment of the internal or external elastic lamina. Adventitia was recognized by the presence of coarse bundles of dense collagen inter- were not recorded. The Verhoef-van Giesson staining was used to discriminate between fibrin and dense collagen. Organization was judged when in>ltration by cellular elements, e.g., smooth muscle cells. tibroblasts and capillary sprouts, was observed, and graded j?om I to III on the basis of the number and characteristics of injiltrating cellular elements.
In the 43 patients with unstable angina, lesion morphology was classtjied according to the criteria proposed by Ambrose et al7 by 2 independent cardiologists unaware of the result of the histopathologic studies. Complex lesion morphology was recorded when eccentric lesions with overhanging or ragged edges, or lesions with multiple irregularies were noted. In case qf disagreement, the opinion of a third cardiologist was taken into account.
Mean values f SD are presented for continuous variables. Comparison of mean values was per$ormed using 2-tailed unpaired t tests. Discrete variables were compared using chi-square tests, and Yates' continuity correction was applied when indicated. Statistical signtjicance was accepted at the 5% level. 
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No sigmjicant dtrerences werefound in the clinical characteristics of both groups, with the exception of a higher prevalence of previous myocardial infarction in the unstable group ( The most striking dtflerence between the syndromes was the presence of foci of thrombus or intraplaque hemorrhage in IO of 45 (22%) unstable and only in I of 48 (2%) stable patients (I? = 0.007). Only 1 of these patients had had a previous coronary intervention. All the samples showed some degree of cellular organization (including the presence of endothelial cells covering newly formed channels or capillary vessels present in thrombotic mass originating ,from the surrounding tissue), the appearance of smooth muscle cells or myojibroblasts, and the presence of thrombotic material embedded in jibrocellular tissue, the latter characteristic suggesting that the masses ofjibrin and platelets derived jrom an episode of thrombosis or plaque hemorrhage were being integrated in the atheromatous plaque ( Figure 1, A to D) . Thrombus was apposed to jibrous tissue in all cases, without endothelial cells in the inter$ace between both. A lack of relation between the time interval jrom the onset of angina at rest to atherectomy and the degree of thrombotic organization was evident. Likewise, the relation between angiographic morphology and the presence of thrombus in the retrieved tissue did not reach statistical signtjicance. Complex angiographic morphology was noted in I7 of 45 unstable patients (37%) (Figure 2) . Thrombus or plaque hemorrhage was present in 6 of these patients (35%) and in 4 qf those with non-complex angiographic morphology (14%) (p = NS).
Calcium deposits were also observed more frequently in patients with unstable (I8 of 45 samples, 40%) than stable (9 of 48 samples, 19%) angina (p = 0.042). No sign@cant diferences were found with regard to the presence of ,jibrous tissue, cholesterol clefts, necrotic core or clusters of macrophages. In the overall population, complex atheromatous samples (containing dense jibrous tissue, calcium deposits and necrotic debris) were obtained in older patients (58 + 10 vs 51 + 12 years, p ~0.031). Necrotic debris was observed in 7 of' 34 cigarette smokers (21 To) versus 2 of 59 nonsmokers (4%) (p = 0.019). Macrophages were identtjied in 4 of 15 (27%) and 5 ?f 78 (6%) samples with and without necrotic debris, respectively (p = 0.05).
Neointimal hyper$asia was observed in 17 of 24 patients (71%) with previous coronary intervention and in I4 of 69 patients (20%) with primary lesions (p = 0.0001). Neointimal hyperplasia had identical characteristics in patients with previous balloon angioplasty, stenting, atherectomy or laser angioplasty. Particular attention was paid to the I4 patients with primary lesions showing typical neointimal hyperplasia. When compared with other primary lesions, no relation to the type of coronary syndrome was observed: 6 patients had stable and 8 unstable angina pectoris (p = NS). Likewise, no association with sex, coronary artery disease risk factors or previous myocardial injarction was found. However, the mean age qf patients with primary lesions showing neointimal hyperplasia was significantly lower than that of patients with primary lesions and other histologic characteristics (51 + i3 vs 3Y + 10 years, p = O.OI7).
The retrieval of atheromatous material during directional coronary atherectomy has created new possibilities in the study of coronary syndromes. Although limited by lesion selection and sampling characteristics,* the collection and analysis of the removed tissue has the considerable advantage of allowing the pathologic assessment of coronary artery disease "in-viva," thus avoiding the selection bias inherent in postmortem studies. To our knowledge, the present work represents the lirst comparative study of the histopathologic substrate of 2 different coronary syndromes using atherectomy retrieved material.
Primary unstable angina is considered to be an acute thrombotic syndrome2-5 occurring predominantly in patients with widespread coronary artery disease.9 Coronary thrombosis does not result initially in transmural myocardial necrosis because of incomplete, episodic vessel obstruction, intermittent spontaneous vessel recanalization, or the presence of well-developed collateral anastomoses.3,4 Different observations suggest that the associated mural thrombus is very rich in platelet aggregates and has a layered appearance. 2 In the present study a higher prevalence of mural thrombus and plaque hemorrhage in unstable angina was also observed: thrombus was identified in atherectomy samples obtained from the ischemia-related coronary lesion of 22% of unstable and in only 2% of stable patients. This figure is lower than the prevalence of thrombus suspected in angiographic studies3 but similar to that reported in a necropsy study of patients with unstable angina.9 It is remarkable that no statistical relation between complex angiographic morphology and presence of thrombus in the tissue retrieved could be found, although several explanations can be given for this. The persistence of complex angiographic morphology in the long term has been reported in 57% of cases by Haft and Al-Zarka.l" A complex angiographic morphology may also result from multiluminal channels that are frequent in atheromatous plaques of unstable patients" ( Figure 3D ). Unstable angina may also result from changes in plaque geometry secondary to intraplaque hemorrhage, which may be diflicult to differentiate from mural thrombus during the study of isolated fragments of the arterial wall.
An interesting tiuding is that all samples containing thrombus or intraplaque hemorrhage material showed different degrees of cellular organization that, on the grounds of the time scale of thrombus organization observed in experimental models,12 bore no relation to the time interval between the onset of chest pain and atherectomy. This may suggest that the onset of coronary thrombosis or plaque hemorrhage had preceded the development of angina at rest by several days or weeks The retrieved organizing thrombus may thus correspond to either an episode of plaque hemorrhage or to a first episode of subocclusive thrombosis that after episodic growth or rethrombosis led to the development of symp-toms2 ( Figure 3A) . The absence of fresh thrombus in these samples could be due to spontaneous lysis and inhibition of further thrombosis by continued systemic heparinization ( Figure 3B ) or embolization of that labile fraction of thrombus during catheter manipulation (Figure 3C ).
These observations may have implications for therapeutic and diagnostic approaches in unstable patients. The low prevalence of observed thrombus and the degree of organization or embedded thrombus in the atheromatous plaque may explain the therapeutic failure of thrombolytic agents in primary unstable angina.13J4 One should clarify whether some of the angioscopic characteristics of coronary thrombus observed in unstable patients, such as the characteristic greyish appearance reported by Mizuno et al5 could be related not only to platelet-rich thrombus, but also to organizing characteristics of thrombus, since it is well known that the macroscopic appearance and color of thrombus shifts progressively toward a pale, whitish color as organization increases. 15 The cause of the initial event in the development of mural thrombosis, plaque rupture or fissuring, remains controversial. In this study, macrophages, which have been identified in areas of the fibrous cap that are prone to rupture,16 were not observed preferentially in unstable plaques but preferentially in plaques with necrotic core. Only fibrous tissue was found in close association with thrombus, an observation that may be relevant to the kind of initiating thrombogenic stimuli. Although no endothelium could be identified in the area covered by thrombus, no firm conclusions can be drawn from this because experimental studies have shown that endothelial cells are rarely observed 3 days after being engulfed by mural thrombosis. 12 The higher prevalence of calcium deposits in unstable plaques may be related to the frequent existence of severe and widespread coronary artery disease in unstable patients. l1 A proportiona 1 relation between complex atheroma and age was also evident in the overall study population, in agreement with the current knowledge of the sequence of events leading to the progression of coronary artery disease. 17 Our results also support previous observations in coronary atherectomy specimens showing that neointima1 hyperplasia constitutes the pathologic substrate of restenosis after coronary intervention,18 irrespective of the revascularization technique used previously. Typical atherosclerotic tissue was also retrieved in a substantial number of restenotic lesions, although this is probably due to the sampling characteristics of the device or in circumstances where restenosis was due to mechanisms other than neointimal hyperplasia.8 In accordance with a previous study,19 neointimal hyperplasia was also found in a substantial number of primary lesions. We noted that these patients were significantly younger than others with typical primary atherosclerotic lesions, a fact that may have particular relevance since fibromuscular neointirnal proliferation has been reported as the pathologic substrate for coronary artery disease in the young, resulting in sudden death.2o The ultimate meaning of this observation as to the natural history of atherosclerosis remains unclear. Neointimal hyperplasia represents an unspecific vessel wall response to different kinds of injury that lead to accelerated forms of atherosclerosis. Whether the presence of this type of tissue in primary lesions of young, symptomatic patients is a reflection of less-known factors initiating the atherosclerotic process (e.g., viral endothelial injury, genetical predisposition) remains hypothetical.
Histologic studies based on atherectomy specimens are biased by selective plaque sampling,8 although in the present study this limitation was partially overcome by routinely performing multiple cuts in different sectors of the vessel. Case selection may have occurred since only vessels judged suitable for the technique were treated (e.g., coronary atherectomy was performed in only 1 patient with total occlusion). The differentiation between mural thrombosis and foci of plaque hemorrhage is strongly limited by the analysis of isolated fragments of atheroma. Atherectomy was performed in stenoses that were identified on the grounds of clinical, angiographic and electrocardiographic data as ischemia-related stenoses. However, this "culprit lesion" approach may not have been free from a number of confounding factors, including the persistence of complex angiographic morphology from a previous eventlo ( Figure 3D ), and the development of myocardial ischemia "at a distance" by a different coronary narrowing.
Despite these limitations, the results of the present study emphasize the use of directional coronary atherectomy as a means of investigation during its therapeutic use. The identification of such features as an increased prevalence of organized thrombus in patients presenting with unstable angina, and of neointimal hyperplasia in primary coronary lesions of younger patients contributes further to our knowledge of the processes that take place in the coronary arteries during the natural history of coronary syndromes.
